Radiation-induced rectal perforation during the treatment of locally advanced rectal cancer (LARC) is very rare. Symptomatic perforation is diagnosed clinically and requires urgent intervention. However, asymptomatic perforation may be found incidentally on imaging and this can be easily confused with residual/progressive disease. Magnetic resonance imaging (MRI) may help in correct diagnosis and choosing the right line of treatment. Case 1: A 32-year-old gentleman was operated in another centre for upper rectal adenocarcinoma (T3, N0) without adjuvant therapy. He was treated with chemoradiation therapy for anastomotic site recurrence after nine months. He was referred to our centre for residual presacral disease on computerized tomography. However, MRI of the pelvis showed the mass to be heterogeneous with air pockets on T2 sequence and a fistulous communication between rectal lumen and mass. This indicated complete resolution of recurrence with a perforation at the previous colorectal anastomotic site. Case 2: A 33-year-old lady with mid rectal adenocarcinoma was treated with short course of radiotherapy and systemic chemotherapy at our centre. On reassessment using MRI, local progression was suspected. But, on careful review of MRI, a tumour site perforation was found, which was communicating with mesorectal fat. She underwent surgery for primary disease and this finding was confirmed intra-operatively. In conclusion, differentiating rectal perforation from recurrence or progressive disease during radiation for LARC is difficult due to lack of specific imaging characteristics. However, the presence of breach in the rectal wall and fistulous communication between mass and rectal lumen on MRI are confirmatory findings of perforation and thus help in choosing the right treatment.
Introduction
Radiation forms a vital part of neoadjuvant treatment in locally advanced rectal cancer (LARC) and recurrent rectal cancers. The adverse effects of radiation are well recognized; however, radiation-induced perforation at the tumour site is very rare and is poorly understood. A symptomatic rectal perforation requires an emergency surgical intervention. However, it may present silently and can give rise to suspicion of disease progression and/or residual disease on imaging. Here, we present two cases of silent perforations. Both gave rise to a considerable diagnostic dilemma, which was resolved by careful evaluation with magnetic resonance imaging (MRI).
Case Reports Case 1
A 32-year-old gentleman was evaluated in another centre for bleeding per rectum. There were no symptoms of obstruction or distant spread and no significant family history. Clinical examination did not reveal anything significant. Colonoscopy revealed a rectal growth at 10-15 cm from anal verge. Biopsy was performed, and the result showed moderately differentiated adenocarcinoma. Computerized tomography (CT) scan of the abdomen and thorax showed a localized rectal growth without perirectal fat stranding or nodes and no distant metastasis. Serum carcinoembryonic antigen (CEA) was 8.3 ng/ml. He underwent upfront open anterior resection with covering ileostomy. Postoperative recovery was uneventful. Histopathology revealed moderately differentiated adenocarcinoma with extracellular mucin pools at places. Circumferential resection margins (CRM) and proximal and distal resection margins were free. Pathological staging was T3, N0 (out of 22 nodes). Adverse histological features were absent. He did not receive any adjuvant treatment. Nine months after the surgery, he developed pain abdomen. Clinical examination did not yield anything significant. Serum CEA was 7 ng/ml. CT scan showed a 7 x 4.8 x 5.6 cm lesion posterior to the rectum at the anastomotic site with preaortic nodes of 2.3 x 1.6 cm size, with no other metastases. He received local radiation (50 Gy) with capecitabine followed by 2 cycles of capecitabine and oxaliplatin (CAPOX). Post-treatment showed that he was clinically asymptomatic with a falling CEA trend (7 to 4.8 ng/ml). A repeat CT scan done 3 months later showed persistent 5 x 5 cm, well-defined, enhancing, hyperdense mass in the presacral region abutting the posterior wall of rectum (Figures 1 and 2) . He was then referred to our cancer centre. No remarkable abnormalities were observed in the digital rectal examination. CT-guided biopsy of the mass was inconclusive. An MRI was done to rule out residual disease (Figures 2, 3 ) and it showed a heterogeneously T2-intense presacral mass communicating with the rectal lumen, suggestive of breakdown at the site of anastomosis ( Figure 3 ). It was concluded that the recurrent tumour at the anastomotic site had responded completely and eventually led to a subclinical anastomotic leak. The patient was advised close follow-up. However, four months later, the patient developed a diffuse peritoneal disease, which was not amenable to cytoreductive surgery. He was started on palliative chemotherapy with FOLFIRI (folinic acid, fluorouracil, and irinotecan) regimen. At 6 months follow-up, the patient was alive with disease.
Case 2
A 33-year-old premenopausal female presented with complaints of constipation and bleeding per rectum for 4 months. There were no symptoms of distant spread. There was no history of rectal or gynaecological cancers in the family. Digital examination showed growth at 5 cm from the anal verge. Endoscopic biopsy confirmed mucinous adenocarcinoma. CT scan of abdomen and thorax showed a suspicious para-aortic node and a suspicious liver metastasis. CEA was 11.4 ng/ml. MRI of pelvis showed a transmural tumour in the mid-rectum with the involvement of the CRM, but the vaginal wall appeared free. She underwent short-course radiation (25 Gy, 5 fractions, over 5 days) followed by 4 cycles of chemotherapy with 5-fluorouracil, leucovorin, irinotecan, and oxaliplatin (FOLFIRINOX). Post-radiation MRI done 5 weeks later showed a new 5.5 x 6.8 x 5.8 cm heterogeneous exophytic mass arising from the left posterolateral wall of the rectum, displacing it ( Figure 4 ). On T2 sequence, there were bright areas inside the lesion, suggestive of mucin collection. Careful evaluation of MRI images revealed a breach in the rectal wall communicating rectal lumen with the mass. Heterogeneity of the mass was due to necrotic debris and air pockets secondary to perforation. The mesorectal fascia was involved in the anterior planes. The liver lesion turned out to be a simple cyst and the para-aortic node showed complete resolution.
The patient underwent anterior resection with hysterectomy for R0 resection along with diversion transverse colostomy. Intraoperatively, it was observed that there was a contained perforation at the tumour site posteriorly without peritoneal contamination. Postoperatively, the patient developed anastomotic leak necessitating a Hartmann's procedure. Histopathology showed no residual tumour. However, 2 out of 16 nodes showed mucinous adenocarcinoma deposits with perinodal extension. There were pools of extracellular mucin in mesorectal fat. She received adjuvant chemotherapy of 6 cycles CAPOX. When she came back for stoma closure, she had suspicious deposits on the anterior peritoneum. On exploration, there was extensive peritoneal disease not amenable to surgical treatment. Hence, stoma reversal was not done. She was started on palliative chemotherapy. At 28 months follow-up, the patient is alive with disease.
Discussion
Acute adverse effects of neoadjuvant radiation in LARC include gastrointestinal toxicity, genitourinary, neurological complications, and delayed wound healing. However, most of these are self-limiting [1] . Severe bleeding, strictures, perforation, fistula, and bowel obstruction occur in the chronic phase, which may not become apparent for months to years [2] . Rectal perforation and anastomotic breakdowns are very rare. Only a handful of case reports are seen in the medical literature (Table 1 ).
All the reported cases of rectal cancer perforation have been T3 or T4 tumours with transmural involvement. It seems to be a combination of tumour characteristics and radiation effects that lead to perforation since most of the transmural tumours do not perforate. A larger tumour has a hypoxic and hypovascular centre leading to central necrosis [3, 4] , while radiation accelerates cell lysis in well-perfused peripheral zone, thus leading to weakening of the wall. However, there is anecdotal evidence that larger and undifferentiated tumours may be less responsive to radiation [5, 6] .
Mucinous variety of adenocarcinomas, as seen in both the cases presented here, are known to be less responsive to neoadjuvant radiation and have poor outcome overall. Mucin is produced and stored under CASE REPORT Figure 4 . Serial T2 weighted MRI images (in cranio-caudal direction). Thickened rectal wall (white hollow arrow) with heterogeneous exophytic mass (solid black arrow) pushing it (A, B, and C). Posterior breach is observed in the rectal wall (white solid arrow in panel C).
pressure, which leads to mucin perforating rectal wall and migrating into the surrounding space wherever the wall weakens.
The time period of presentation has been varied ( Table 1 ). All the reported cases were symptomatic, thus requiring some form of intervention. In Case 1, there was a diversion stoma, and in Case 2, the perforation might have been small, hence both the cases were clinically silent. Complication of rectal perforation could be dangerous. Out of four patients in the report of Lee et al., two died in the preoperative period [7] .
Short course radiotherapy (SCRT) is said to be safer than long course radiotherapy [8, 9] , but rectal perforation after SCRT is also reported [10] . The potential risks for CRT-related rectal cancer perforation may include the presence of diverticula, collagenases, and tumour ulceration [11] .
Small bowel obstruction, fistula, cystitis, and chronic diarrhoea are some of the late side effects of re-irradiation [12] [13] [14] [15] [16] [17] [18] . Fistulae in the lower pelvis are often associated with recurrent disease and may be exacerbated by tumour destruction [17] . Here, in Case 1, radiotherapy (RT) was used only after pelvic recurrence. The presacral recurrence showed excellent response to RT, but later images showed a leak from the rectum, most probably from the anastomotic line. This might be due to RT-induced ischemic changes of the normal rectal tissue.
In asymptomatic cases, CT and MRI are essential tools to differentiate recurrence from perforation and other benign findings, as fine-needle aspiration or biopsy are not always helpful. However, they still have limitations. The post-rectal surgery CT picture can be varied, wherein a presacral mass could be anything from normal postoperative changes to hematoma, abscess, uterus or enlarged prostate, and local recurrence. It is vital to remember that the normal postoperative changes that occur in the midline become well-defined over a period of time [19] . Similar findings were seen in Case 1. The size of the mass and its attenuation value could not be used to conclusively diagnose the recurrence [20, 21] .
MRI is more sensitive than CT in detecting recurrences but not without caveats. As seen in both the cases here, a recurrent tumour typically shows a T2 hyperintense signal but so do hematoma, granulation tissue, and inflammation [22] . A T2 hypointense lesion creates further confusion.
In both the cases, the diagnosis of perforation was possible due to the demonstration of communication between the mass and rectal lumen on MRI, the absence of mucin in the mass while it was present in the surrounding sites along with normal CEA, and lack of symptoms. Prophylactic diversion stoma for tumours above peritoneal reflection is suggested by some [12] , but doing it for all cases for such a rare complication is not justified.
Conclusion
Perforation of rectal tumour is a rare event during the treatment of rectal cancer. It may present asymptomatically and after a considerable time lapse, incidentally found on imaging. No specific imaging characters are defined to differentiate rectal perforation from recurrence or progressive disease, however, identifying a breach in the rectal wall and fistulous communication between mass and rectal lumen on MRI are confirmatory findings of perforation and thus help in choosing the right treatment. There are two major learning points in the report: (1) rectal tumour perforation during radiation of rectal cancer is rare but can occur and create diagnostic dilemma, especially in clinically silent cases; (2) a well-timed MRI helps in differentiating perforation from a residual/progressive disease. 
